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(54) FLAME-RETARDANT RESIN COMPOSITION AND INSULATED ELECTRIC WIRE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a flame-retardant resin compsn. which can reduce the 
thickness of the insulating layer of an insulated electric wire by adding a metal hydroxide to a resin 
compsn. comprising three resins including an alkyl (meth) acrylate-ethylene-maleic anhydride 
terpolymer. 

SOLUTION: This resin compsn. having a durometer D hardness of 48-58 is prepd. by adding 60-120 
pts.wt. metal hydroxide to 100 pts.wt. resin compsn. comprising 40-80 pts.wt. alkyl (meth)acrylate- 
ethylene-maleic anhydride terpolymer, 5-30 pts.wt. thermoplastic styrene elastomer having a tensile 
strength of 250kgf/cm2 or higher, and the rest being a polyolefin resin other than the terpolymer. To 
obtain the resin compsn. with a high abrasion resistance, the terpolymer is pref. one obtd. by directly 
copolymerizing 1-14wt.% (meth)acrylic ester, 0.3-4wt.% maleic anhydride, and the rest being ethylene. 
The elastomer is pref a hydrogenated styrene-butadiene block copolymer. An esp. suitable metal 
hydroxide is magnesium hydroxide. 
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* NOTICES * 



iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) Alkyl acrylate or alkyl methacrylate, and ethylene and the plural copolymers of a maleic 
anhydride, (B) Tensile strength 250 kgf/cm2 In the resin constituent which consists of the above styrene 
thermoplastic elastomer and three sorts of components of polyolefine system resin **s other than (C) above 
(A) B component more than 5 weight sections below 80 weight sections more than 40 weight sections for A 
component Below 30 weight sections And the flame-retardant-resin constituent with which it is the 
constituent which adds C component of the residual weight section, and adds the metal hydroxide below the 
120 weight sections more than 60 weight sections to the 100 weight sections, nothing, and this, and it comes 
to mix, and a durometer D degree of hardness is characterized by or more 48 being 58 or less. 
[Claim 2] The flame-retardant-resin constituent according to claim 1 characterized by the polyolefine 
system resin of the above (C) being polyethylene and an ethylene system copolymer. 

[Claim 3] The flame-retardant-resin constituent according to claim 1 characterized by said metal hydroxide 
being a magnesium hydroxide. 

[Claim 4] (A) Alkyl acrylate or alkyl methacrylate, and ethylene and the plural copolymers of a maleic 
anhydride, (B) Tensile strength 250 kgf7cm2 In the resin constituent which consists of the above styrene 
thermoplastic elastomer and three sorts of components of polyolefine system resin **s other than (C) above 
(A) B component more than 5 weight sections below 80 weight sections more than 40 weight sections for A 
component Below 30 weight sections And it is the constituent which adds C component of the residual 
weight section, and adds the metal hydroxide below the 120 weight sections more than 60 weight sections to 
the 100 weight sections, nothing, and this, and it comes to mix. And insulated wire characterized by a 
durometer D degree of hardness coming to cover around a conductor or more 48 flame-retardant-resin 
constituent it is [ constituent ] 58 or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the resin constituent for constituting a fire-resistant 
insulated wire used for wiring, and its insulating layer from an automatic in the car one or a home. 
[0002] 

[Description of the Prior Art] In recent years, with high-performance-izing of the electronic autoparts of an 
automobile, and advanced features, the amount of the electric wire used increases, as a result, the tooth- 
space increase or the increment in weight in wire harness poses a problem, and the thinning of an insulating 
layer and narrow diameter-ization of a conductor are carried out as the solution. What covered the perimeter 
of conductors, such as electrolytic copper, with polyvinyl chloride system resin has been conventionally 
used widely as these insulated wire. The electric wire using these polyvinyl chloride system resin is fire 
retardancy, and rich and excellent in abrasion resistance and flexibility. 

[0003] However, since halogen system gas harmful at the time of incineration generates these polyvinyl 
chloride system resin and earth environment is polluted, it has groped for the quality of an alternative, and 
the so-called non halogen fire retarding material. That is, a metal hydroxide etc. is added as a flameproofing 
agent to the polyolefine known for JP,4-368714,A, a JP,4-368715,A official report, JP,6-76644,A, JP,6- 
76645,A, etc. 

[0004] However, if the addition of a metal hydroxide was not made high, when sufficient fire retardancy 
could not be acquired but the addition was made high, abrasion resistance became low, the thinning of an 
insulating layer, as a result lightweight-ization of an electric wire became difficult, and these had the fault 
referred to as that flexibility is also lost by coincidence. There was difficulty especially in application to the 
automobile field as which lightweight nature is required from the standpoint of the flexibility which bears 
the insulated wire covered with such an ingredient bundling an electric wire the number of multi-, forming 
wire harness, and wiring every place finely in a narrow tooth space, the abrasion resistance which is equal to 
friction with various devices or electric wires, and energy saving. 
[0005] 

[Problem(s) to be Solved by the Invention] the abrasion resistance and flexibility which this invention solves 
the above fault and it can respond to the electric wire used for wiring in ordinary homes etc., of course also 
at the severe automobile field of conditions — rich — lightweight — it aims at offering a fire-resistant non 
halogen system insulated wire [-izing / insulated wire ]. 
[0006] 

[Means for Solving the Problem] The flame-retardant-resin constituent of this invention a passage according 
to claim 1 (A) alkyl acrylate or alkyl methacrylate, Ethylene and the plural copolymers of a maleic 
anhydride, and (B) tensile strength 250 kgf/cm2 In the resin constituent which consists of the above styrene 
thermoplastic elastomer and three sorts of components of polyolefine system resin **s other than (C) above 
(A) B component more than 5 weight sections below 80 weight sections more than 40 weight sections for A 
component Below 30 weight sections And C component of the residual weight section is added, it is the 
constituent which adds the metal hydroxide below the 1 20 weight sections more than 60 weight sections to 
the 100 weight sections, nothing, and this, and it comes to mix, and a durometer D degree of hardness has or 
more 48 configuration it is [ configuration ] 58 or less. 

[0007] The insulated wire concerning this invention a passage according to claim 4 Moreover, (A) alkyl 
acrylate or alkyl methacrylate, Ethylene and the plural copolymers of a maleic anhydride, and (B) tensile 
strength 250 kgf/cm2 In the resin constituent which consists of the above styrene thermoplastic elastomer 
and three sorts of components of polyolefine system resin **s other than (C) above (A) B component more 
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than 5 weight sections below 80 weight sections more than 40 weight sections for A component Below 30 
weight sections And C component of the residual weight section is added, it is the constituent which adds 
the metal hydroxide below the 120 weight sections more than 60 weight sections to the 100 weight sections, 
nothing, and this, and it comes to mix, and a durometer D degree of hardness has the configuration which 
comes to cover around a conductor or more 48 flame-retardant-resin constituent it is [ constituent ] 58 or 
less. A components are alkyl acrylate or alkyl methacrylate, and ethylene and the plural copolymers of a 
maleic anhydride here. 
[0008] 

[Embodiment of the Invention] In the above, it is desirable that it is the copolymer which the ethylene (82 - 
98.7 % of the weight) of one or more sorts of acrylic ester or 1 - 14 % of the weight of one or more sorts of 
methacrylic ester, and the 0.3 - 4 % of the weight of maleic anhydrides and the remainder was made to react, 
and was obtained, although it is good also by the graft copolymerization method as a manufacturing method 
— a graft copolymerization method - if - since it is difficult to make abundance of a maleic anhydride high 
generally, it is difficult to make abrasion resistance high. Therefore, since the improvement effectiveness in 
abrasion resistance is easy to be acquired, what is depended on a direct copolymerization method is 
desirable. The plural copolymers by the such direct copolymerization method can come to hand from **- 
ized Atochem etc. 

[0009] In addition, a graft polymerization method carries out direct polymerization of ethylene, alkyl 
acrylate, or the alkyl methacrylate, it is the approach of making carry out the graft of the maleic anhydride 
with a peroxide etc. after that, and carrying out a polymerization, and a direct polymerization method is an 
approach of making a system introducing and carrying out the polymerization of the raw material to 
coincidence. Moreover, since good extrusion nature is obtained as they are 0.2-20g / 1 0 minutes as a melt 
flow rate of the above-mentioned plural polymers, it is desirable. 

[0010] Here, compatibility with a metal hydroxide can use [ methyl acrylate, methyl methacrylate, ethyl 
acrylate, ethyl methacrylate, butyl acrylate, butyl methacrylate, etc. ] suitably well as alkyl acrylate or alkyl 
methacrylate. 

[001 1] In addition, as for these acrylic ester or methacrylic ester, it is desirable to become 14% or less of the 
weight in a plural copolymerization object 1% or more. Compatibility with a metal hydroxide worsens that 
it is less than 1 % of the weight, and fire retardancy, flexibility, etc. fall. Moreover, by **, abrasion 
resistance falls 14% of the weight. 

[0012] Moreover, as for a maleic anhydride, it is desirable that it is 4% or less 0.3% or more of the weight in 
a plural copolymerization object. Abrasion resistance sufficient at less than 0.3 % of the weight is hard to be 
obtained, and although the plural copolymerization object which consists of a maleic anhydride of** 4% of 
the weight is usually difficult to compound, as for such a thing, extrusion nature falls. 
[0013] It is the block copolymer which has the polymer block 1 which consists of two or more aromatic 
hydrocarbon which has a vinyl group as a styrene thermoplastic elastomer of B component, and the polymer 
block 2 which has conjugated diene. As aromatic hydrocarbon which has the vinyl group which forms the 
polymer block 1 here, they are styrene, o-methyl styrene, and p-tert. - Although there is butyl styrene, 1 , and 
3 -dimethyl styrene etc., when the easy point of acquisition is taken into consideration, it is desirable that it is 
styrene. 

[0014] On the other hand, as polymer block 2, it is the diolefin which has the conjugated double bond of a 
pair, for example, is 1,3 -butadiene, isoprene, 2, and 3 -dimethyl. - It is 1 and 3. - Although there is butadiene, 
1,3-pentadiene, 1, and 3-hexadiene etc., since 1,3-butadiene and an isoprene are easy to come to hand in it, it 
is desirable. In addition, since it hydrogenates, and tensile strength with what [ high ] saturated the double 
bond is obtained and thermal resistance of a styrene thermoplastic elastomer improves, it is desirable here. 
[0015] Moreover, the tensile strength of this B component is 250 kgf7cm2. In order that that it is above may 
obtain sufficient abrasion resistance, it is required, and this tensile strength is 300 kgf/cm2. Especially since 
the abrasion resistance which was especially excellent in it being above is obtained, it is desirable. It is 
desirable that it is triblock copolymer as a styrene thermoplastic elastomer used by this invention in that 
such high tensile strength is obtained. 

[0016] As polyolefine system resin of C component, polyethylene, polypropylene, etc. are able to use. The 
straight chain-like low density polyethylene obtained as polyethylene by copolymerization with an alpha 
olefin other than the low consistency which consists only of ethylene, or high density polyethylene can also 
be used. 

[0017] Moreover, the random copolymer and block copolymer which consist of copolymerization with 
ethylene besides the homopolymer which consists of polypropylene etc. can also be used. Moreover, it can 
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perform also using an ethylene system copolymer suitably. In addition, an ethylene system copolymer 
means things other than the plural copolymers used as an A component in this case. Since it excels in 
compatibility with the above-mentioned plural copolymers and a thermoplastic ERASUTO rammer and 
abrasion resistance, flexibility, and fire-resistant balance become good here, as for C component, it is 
desirable that they are polyethylene and an ethylene system copolymer. 

[0018] Although the resin constituent which constitutes the constituent for covering of the cable of this 
invention is formed of these A component, B component, and C component, A component needs to be 
below 80 weight sections more than 40 weight sections among this resin constituent 100 weight section. Fire 
retardancy and abrasion resistance are not satisfied as they are under 40 weight sections. On the other hand, 
80 weight ********** and the extrusion nature at the time of electric- wire manufacture fall, the flexibility 
on the front face of an electric wire is lost as a result, abrasion resistance falls or the tension elongation of a 
cladding material gets worse to the degree of pole. In order to obtain sufficient fire retardancy and abrasion 
resistance here, it is desirable that they are below 60 weight sections more than 50 weight sections. 
[0019] On the other hand, B component needs to be below 30 weight sections more than 5 weight sections. 
Sufficient flexibility becomes is it hard to be acquired to be under 5 weight sections. On the other hand, 
abrasion resistance deteriorates remarkably at the time of 30 weight ******. i n order to obtain the best 
abrasion resistance here, it is desirable that they are below 25 weight sections. 

[0020] Moreover, as a metal hydroxide added as a fire-resistant grant component, the hydroxide of the metal 
of a metaled hydroxide, the 2nd group of the periodic table especially based on a 1 989 revised IUP AC 
nomenclature, and the 13th group, for example, a magnesium hydroxide, an aluminum hydroxide, a calcium 
hydroxide, etc. can be used. In addition, fire retardancy is acquired by addition with little it being a 
magnesium hydroxide among these, and since there is little effect on abrasion resistance, it is desirable. 
Moreover, as for the particle size of these metallic oxides, it is desirable that it is 0.1-5 micrometers from 
effect in the fire retardancy of handling top the insulated wire of a final product. Here, when compatibility 
with resin, a water resisting property, etc. are taken into consideration, it is desirable to use that to which 
surface treatment of these particles was carried out with the fatty acid, the silane system coupling agent, the 
titanate system coupling agent, the epoxy compound, etc. 

[0021] It is required to add these metal hydroxide below the 120 weight sections more than 60 weight 
sections to the resin constituent 100 weight section which consists of A component, above-mentioned B 
component, and above-mentioned C component. Fire retardancy runs short that they are under 60 weight 
sections, and if the 1 20 weight sections are exceeded, abrasion resistance and flexibility run short. In order 
to obtain the best result, it is desirable that they are below the 1 10 weight sections more than 70 weight 
sections. 

[0022] The above metal hydroxides of a configuration and an amount are mixed to the resin constituent 
which consists of A component, above-mentioned B component, and above-mentioned C component. At 
this time, well-known equipments, such as a roll mill, a Banbury mixer, a kneader, and a twin screw 
extruder, can be used as a mixed means. The durometer D degree of hardness of the resin constituent after 
kneading termination needs to or more 48 be 58 or less. It is inferior to abrasion resistance in it being less 
than 48, and 58 super-****** and flexibility fall remarkably. In addition, a well-known antioxidant, copper 
inhibitor, a fire-resistant assistant, processing aid, a coloring agent, etc. may be added for improvement in 
various engine performance in addition to each above-mentioned component at this time. 
[0023] Extrusion molding of the resin constituent for covering obtained as mentioned above is covered and 
carried out to the front face of the conductor which consists of electrolytic copper etc., and it considers as 
insulated wire. In addition, while the thickness of the covering maintains sufficient abrasion resistance with 
it being 0.4mm or less, the especially excellent flexibility can be acquired. Moreover, a bridge may be 
constructed by the approach, for example, an electron ray etc., that it is well-known for improvement in 
various engine performance, such as thermal resistance, abrasion resistance, and oilproof, by the insulated 
wire obtained as mentioned above. 
[0024] 

[Example] First, the production approach of a sample and the various measuring methods in the example 
and the example of a comparison of this invention are explained. In addition, the melt flow rate which 
showed the following tensile strength with Notation MI based on JIS and K6301 was measured based on 
JIS-K7210. 

[0025] First, various raw materials were prepared. That is, as an A component, two kinds of alkyl acrylate, 
ethylene, and the plural copolymers of a maleic anhydride were prepared. 

A component (1) : Copolymer by the direct copolymerization method which consists of 3 % of the weight of 
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ethyl acrylate, 2 % of the weight of maleic anhydrides, and 95 % of the weight of ethylene (bonder in FX 
[ by French Elf Atochem ]- of acquisition [ Atochem / **-ized ] 8000) 

A component (2) : Copolymer by the direct copolymerization method which consists of 6 % of the weight of 
butyl acrylate, 3 % of the weight of maleic anhydrides, and 91 % of the weight of ethylene (LOTADER2200 
by French Elf Atochem of acquisition [ Atochem / **-ized ]) 

As a B component, hydrogenation styrene-isoprene-styrene triblock copolymer (tensile strength: 340 
kgf/cm2) (Kuraray SEPUTON 4033) was prepared. 

[0026] As a C component, three sorts of polyolefine system resin was prepared. 

C component (1) : Straight chain-like low density polyethylene (consistency: 0.925 g/cm3, 10 MI:2.3g /, 
minutes) (ULTZEX 2520 made from the Mitsui petrochemistry F) 

C component (2) : High density polyethylene (consistency: 0.949 g/cm3, 10 MI:0.3g /, minutes) (Showa 
Denko show REXX 5O03BH) 

C component (3) : Ethylene-ethyl acrylate copolymer (15 % of the weight of ethyl acrylate, 10 MI:0.75g /, 
minutes) (REKUSURON EEAA 1150 made from the Nippon Oil chemistry) 

[0027] Moreover, in order to use for the example of a comparison, it consists of the same source material as 
B component, and it is B' with low tensile strength. Component: Hydrogenation styrene-isoprene-styrene 
triblock copolymer (tensile strength: 240 kgf/cm2) was prepared (Kuraray SEPUTON 2055). The BET 
specific surface area measured by the amount of adsorption in the boiling point of nitrogen as a magnesium 
hydroxide on the other hand with the or more 0.6 particle size of 1 micrometer or less which performed 
surface treatment at 2 % of the weight of oleic acid prepared the thing (Kuisma 5made from consonance 
chemistry B) of 5m2 / g. 

[0028] With an antioxidant, copper inhibitor, and lubricant, it mixed to homogeneity using 2 rolls by the 
ratio shown in Table 1 , respectively, and these things were used as the constituent for covering. The 
constituent for these covering was processed in the shape of a sheet with compression molding, and the 
degree of hardness of these constituents was measured with the durometer D hardness meter based on JIS- 
K7215 (a result is shown in Table 1). 

[0029] The constituent for these covering was made into the pellet type using the granulating machine, on 
the other hand, subsequently, it covered so that an electric-wire outer diameter might be set to 1 .6mm to an 
annealed copper stranded wire (the strand cross section of 0.19mm 2, the number of strands 19) using an 
extruder, and it considered as the sample of the example of a comparison, and an example. Subsequently, 
evaluation of abrasion resistance, fire retardancy, and flexibility was performed. 

[0030] That is, about abrasion resistance, based on the 5.1 1 (2) terms of JASO-D 61 1-94, it was a 7-N load, 
and the piano wire whose diameter is 0.45mm was used, the count of a round trip until piano wire contacts a 
conductor by wear of an insulator was measured, and what is equal to 300 frictions or more was considered 
as success. 

[0031] About fire retardancy, similarly based on the 5.9th term of JASO-D 61 1-94, it measured, and what 
reduces inflammation within 30 seconds was considered as success. On the other hand, about flexibility, it 
evaluated as follows. That is, the electric wire was again elongated, after being crooked until it became 1 80 
degrees, the existence of the milkiness in a flection was investigated, and what milkiness is not regarded as 
was considered as success. The result in the above evaluation approach is shown in Table 1 . 
[0032] 
[Table 1] 
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[0033] The insulated wire of the examples 1-5 of this invention is an outstanding electric wire which can be 
altogether satisfied about 3 engine performance of abrasion resistance, fire retardancy, and flexibility so that 
clearly [ Table / I ]. On the other hand, with the insulated wire of the examples 1-9 of a comparison, at least 
one of these three engine performance is a rejection at least, and it is shown clearly that it is inferior. 
[0034] 

[Effect of the Invention] In the insulated wire of this invention, the resin constituent which constitutes the 
constituent for covering (A) alkyl acrylate or alkyl methacrylate, Ethylene and the plural copolymers of a 
maleic anhydride, and (B) tensile strength 250 kgf/cm2 The above styrene thermoplastic elastomer, (C) are 
the constituent which consists of three sorts of components of polyolefine system resin **, and these by 
having blended each component by the specific ratio The content initial complement of a metallic oxide can 
be reduced as compared with the cladding material in the conventional insulated wire, without spoiling fire 
retardancy, and abrasion resistance and flexibility can be raised as the result. 

[0035] Moreover, the balance of the abrasion resistance of a cable and flexibility which is a product can be 
maintained by pinpointing the range of the durometer D degree of hardness of the constituent for covering 
after magnesium-hydroxide mixing. 

[0036] Therefore, the insulated wire with which it comes to cover the flame-retardant-resin constituent 
concerning this invention is an outstanding electric wire which can be altogether satisfied about three engine 
performance, abrasion resistance, fire retardancy, and flexibility. Since it has such a description, the 
lamination of an insulating layer becomes possible, and since-izing can be carried out [ lightweight ], of 
course, using for wiring in a home etc. can be suitably used also as wiring of the severe automobile of 
conditions. 



[Translation done.] 
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